The diketopiperazine cyclo(-L-Val-Gly-) (1) can be 0-alkylated cyclo(-L-Val-Gly-) 4 c with benzyl bromide and subsequent hyunder mild acidic reaction conditions with the alkyl trichlo-drolysis with aqueous trifluoroacetic acid afforded D-phenylroacetimidates 2 to the corresponding bisalkyl bislactim alanine benzyl ester (8) with an enantiomeric excess of >95%. ethers. Alkylation of the bisbenzyl bislactim ether anion of
The bislactim ether method is well established in the asymmetric synthesis of proteinogenic and nonproteinogenic amino acids13]. The key intermediate of this method is the bismethyl bislactim ether of cyclo(-L-Val-Gly-) (4a), which has to be prepared from trimethyloxonium tetrafluoroborate and cyclo(-L-Val-Gly-) in dichloromethaneL4I. This reaction is cumbersome since trimethyloxonium tetrafluoroborate, 1 as well as the primary product -the bistetrafluoroborate of the bismethyl bislactim ether of 1 -are insoluble in dichloromethane. Moreover, the quality and consistency of trimethyloxonium tetrafluoroborate and cyclo(-L-Val-Gly-) depend on their preparation. Therefore, the obtainable yields of the bismethyl bislactim ether of 1 vary, depending on the quality of the starting materials and the scale of the preparation.
Trichloroacetimidates seem to be suitable for the 0-alkylation of 1, since benzyl trichloroacetimidate (2c) has been successfully employed for the benzylation of base-and acid-sensitive primary, secondary and tertiary alcohols ['] , carbohydrate^ [^,^] Methyl trichloroacetimidate (2a), ethyl trichloroacetamidate (2 b) and benzyl trichloroacetimidate (2c) have been prepared on a 300-g scale by a base-catalyzed addition of methanol, ethanol or benzyl alcohol to trichloroacetonitrile according to Cramer's proto-COI[~"I. Treatment of cyclo(-L-Val-Gly-) (1) with four equivalents of ethyl trichloroacetimidate (2 b) and four equivalents of tetrafluoroboric acid -diethy1 ether (HBF4 . OEt,) furnishes the bisethyl bislactim ether of cyclo(-L-Val-Gly-) (4 b) in 82% yield besides trichloroacetamide (3), which can be easily separated by distillation or -when the reactions have been carried out on a smaller scaleby column filtration.
According to this procedure the bismethyl bislactim ether of cyclo(-L-Val-Gly-) (4a) should be obtainable by treatment of 1 with four equivalents of methyl trichloroacetimidate (2 a) and four equivalents of tetrafluoroboric acid-dimethyl ether (HBF4 . OMe,).
When 1 is allowed to react with methyl trichloroacetimidate (2a) and tetrafluoroboric acid -diethy1 ether (HBF4 . OEt,), a mixture of the bismethyl bislactim ether 4a, the bisethyl bislactim ether 4b and both regioisomeric ethyl methyl bislactim ethers of cyclo(-~-Val-Gly-) is obtained. This result is in agreement with the proposed mechanism for the 0-alkylation of 1 with methyl trichloroacetimidate in the presence of HBF4 . OEt, (Scheme 2). In the first step tetrafluoroboric acid-diethyl ether (HBF4. OEt2) reacts with the methyl acetimidate to the tetrafluoroboronate 5 and diethyl ether. In the second step the diethyl ether attacks the methoxy group to yield trichloroacetamide (3) and the "mixed" diethylmethyloxonium tetrafluoroborate 6. This oxonium salt transmits either a methyl or an ethyl group to the amido oxygen of 1 to give a mixture of bislactim ether isomers.
Upon treatment of 1 with 2.5 equivalents of benzyl trichloroacetimidate (2c) and 0.2 equivalents of trimethylsilyl trifluoromethanesulfonate (TMS-OTf), 62% of the bisbenzyl bislactim ether of cyclo(-L-Val-Gly-) (4c) is obtained. The yields of 4c should be increased by using equimolar amounts of TMS-OTf for this reaction. On the other hand, the amount of N-benzylacetamide resulting from an acid-induced rearrangement of benzyl trichloroacetimidatefgb1 might increase as well. Moreover, the use of other Lewis acids might increase the yield of this bisbenzyl bislactim ether 4c, since Lewis acids other than TMS-OTf have not been applied to this reaction until now.
Since the bislactim ethers 4 and trichloroacetamide (3) can be easily separated on a larger scale by filtration or distillation and since trichloroacetamide (3) can be recycled into the trichloroacetimidates 2 through simple dehydratisation["I, the use of alkyl trichloroacetimidates can be recommended for the preparation of bislactim ethers -particularly on a larger scale. In an exemplary experiment 4c is lithiated with n-butyllithium and treated subsequently with benzyl bromide to yield in 73% the (2R,5S)-2-benzyl-5-isopropyldihydropyrazine 7 with a diastereomeric excess of 92%. After chromatographical purification 7 is isolated diastereomerically pure. Upon acidic hydrolysis of 7 with 0.25 N trifluoroacetic acid (TFA)["] D-phenylalanine benzyl ester (8) is obtained in 53% yield besides benzyl L-valinate, the chiral auxiliary of this synthesis.
The use of the bisbenzyl bislactim ether of cyclo(-L-Val-Gly-) (4c) in the asymmetric synthesis of a-amino acid benzyl esters offers several advantages: 1. C-terminal benzyl-protected amino acids or oligopeptides are well-established building blocks in peptide synthesis. 2. In contrast to a-amino acid methyl esters a-amino acid benzyl esters do not cyclize or polymerize quickly and can be stored at room temperature.
3. The benzyl ester group can be easily removed by hydrogenolysis. Therefore, amino acids, which are sensitive to bases or acids, can be prepared by using the bisbenzyl bislactim ether of cyclo(-L-ValFinancial support by the Stiftung Volkswagenwerk and the Fonds der Chemischen Industrie is gratefully acknowledged. Special thanks are due to Dr. H.-P. Albrecht, BASF pharmaceutical research, for his kind assistance. We thank the BASF AG and the Degussa AG for providing valuable starting materials.
Gly-) ( 4~) .

Experimental
Infrared (IR) spectra were recorded with a Perkin-Elmer 298 spectrometer. NMR spectra were measured with a Varian XL 200 or a VXR 200 spectrometer for 'H and 13C NMR. Chemical shifts are given in 6 values by using tetramethylsilane as an internal standard for 'H-and 13C NMR spectroscopy. Mass spectra were recorded with Varian MAT 731 or 311 A spectrometers. Optical rotations were measured on a Perkin-Elmer Mod. 141 polarimeter. TLC analyses were performed on Polygram Sil G/UV254 silica gel plates. Silica gel (30-60 pm) from Baker was used for flash chromatography. Combustion analyses were carried out by the microanalytical laboratory of the University of Gottingen. All reactions were carried out under nitrogen or argon except those involving hydrolysis. All reagents were purified and dried if necessary before use. cyclo(-L-Val-Gly-) was obtained from Degussa AG (Germany).
The 54% solution of HBF4 . Et20 in diethyl ether was purchased from Merck-Schuchardt (Germany).
(2s) -3,6-Diethoxy-2,5-dihydro-2-isopropylpyrazine (4 b):
To a suspension of 0.78 g (5 mmol) of 1 in 100 ml of dichloromethane 3.81 g (20 mmol) of ethyl trichloroacetimidate (2b) was added. Then 20 mmol of HBF4 . EtzO (2.7 ml of a 54% solution in diethyl ether) was added with stirring at O"C, and stirring was continued at room temp. for 7 d. Subsequently 100 ml of 2.5 N NaOH was added at O'C, and stirring was continued at room temp. for 30 min. The aqueous layer was extracted twice with 100 ml of dichloromethane, the combined organic layers were reextracted with 100 ml of H 2 0 and dried with MgS04. The solvent was removed in vacuo ( O T / 15 Torr) and the residue purified by bulb-to-bulb distillation to afford 0.87 g (82%) of 4 b as a colorless oil. In order to obtain correct analytical data, a sample was further purified by chromatography (silica gel; diethyl ether/petroleum ether, 1:5); Rf = 0.31, b.p. (2S)-3,6-Dibenzyloxy-2,5-dihydro-2-isopropylpyrazine (4c): To a suspension of 1.56 g (10 mmol) of 1 in 200 ml of dichloromethane 6.31 g (25 mmol) of benzyl trichloroacetimidate (2c) was added under argon. Then 0.37 ml (2 mmol) of trimethylsilyl trifluoromethanesulfonate (TMS-OTf) was added with stirring at O T , and stirring was continued at room temp. for 6 d. Subsequently 100 ml of 2.5 N NaOH was added at O"C, and stirring was continued at room temp. for 30 min. The aqueous layer was extracted twice with 100 ml of dichloromethane, the combined organic layers were reextracted with of 100 ml H 2 0 and dried with MgS04. The solvent was removed in vacuo (30°C/15 Torr) and the residue purified by chromatography (silica gel, 100 g; diethyl ether/petroleum ether, 127.66, 127.78, 127.95, 128.05, 128.37, 128.90, 136.92 and 137.03 (c6Hs) ( 2 R S S ) -2-Benzyl-3,6-dibenzyloxy-2,5-dihydro-5-isopropylpyrazine (7): A solution of n-butyllithium in hexane (1.58 N, 1.9 ml, 3 mmol) was added at -70°C to a stirred solution of 0.81 g (2.4 mmol) of the bislactim ether 4c in 30 ml of THF. After 30 min a solution of 0.51 g (3 mmol) of benzyl bromide in 5 ml of THF was added within 10 min. After stirring had been continued at -78°C for 12 h, 30 ml of a saturated NH4Cl solution was added, and the solution was allowed to warm up to room temp. within 10 min. The layers were separated, the aqueous layer was reextracted twice with 30-ml portions of diethyl ether, and the combined organic layers were dried with MgS04. The solvent was removed in vacuo (30"C/15 Torr) and the residue purified by chromatography (silica gel, 70 g; diethyl ether/petroleum ether, 1 : 5) to yield 0.75 g ( 130.01, 137.16, 137.33 and 137.39 (c6Hs) 126.24, 127.68, 127.73, 127.79, 127.95, 128.11, 128.35, C28H30N202 (426.6) Calcd. C 78.84 H 7.09 Found C 78.67 H 7.16 o-Phenylalanine Benzyl Ester (8): A suspension of 0.73 g (1.7 mmol) of diastereomerically pure 7 in 27.2 ml of 0.25 N trifluoroacetic acid (6.8 mmol) was stirred at room temp. for 6 d. Then 30 ml of diethyl ether was added, and the mixture was brought to pH = 8 -10 by the addition of conc. ammonia with stirring. The layers were separated, and the aqueous layer was extracted twice with 30-ml portions of diethyl ether. The combined ethereal layers were dried with MgS04, the solvent was evaporated in vacuo (20"C/ 10 Torr) and the residue -crude benzyl D-phenylalaninate (8) and benzyl L-valinate -was separated by bulb-to-bulb distillation to yield 0.23 g (53%) of 8. Enantiomeric excess: >95%, determined by 'H NMR spectroscopy with the chiral shift reagent Eu(TFC), [I2] .
B.p. 120-13O0C/O.01 Torr, [a]g = +21.8 (c = 0.9, 0.1 N HCl)
